Abstract
Introduction
e-learning contents incorporate the use of media such as text, audio, still images, and video. In common multi-media contents where several types of media are displayed on a single screen while the instructor's voice is played back at the same time, the students must make their own judgments as to which part of the screen to look at during the instructor's explanation. Research on the effectiveness of wooden pointers or laser pointers to control the students' fixation point, in the case of face-to-face teaching using OHPs or Power Point slides (Shimizu et.al., 1981; Mochida et.al., 1996) , but little research has been undertaken to objectively evaluate the educational effects of using pointers in the case of e-learning contents.
In this research, we used an eye mark recorder, which measures the subject's fixation point and pupil diameter, to analyze the effectiveness of the use of pointers in e-learning with multimedia contents. Specifically, we measured the e-learning students' fixation point with and without the use of a pointer in the e-learning contents, as a means of measuring the ratio of time during which the students were focused on the content being explained by the narration. We also conducted tests on the contents to determine the effectiveness of the learning process.
Role of the pointer in e-learning contents
It is believed that in human perceptual judgments, there are two separate elements -audio perception and visual perception -and each interacts with the other on two cognitive channels ( Fig. 1 ) Clark and Paivio, 1991; Paivio, 1986) . Based on this theory, Mayer (2001) suggested that to effectively use these visual and audio channels, the best form of multimedia contents would present one piece of visual information and one piece of audio information simultaneously. This type of contents attempts to effectively use resources from two channels, but at this time, the learner looks for a visual fixation point to synchronize the visual and audio information. Using this method, there are cases in which it is difficult to locate the fixation point, and this becomes a cognitive burden; as a result, synchronization is unsuccessful, and the content is not fully understood (Fig. 2) . In such cases, we believe that guiding the fixation point with a pointer reduces the cognitive burden, promoting a matching of image information and audio information, so that input information from each channel can be simultaneously processed, and the meaning can be efficiently integrated. 
Experiment
50 university and graduate school students participated in the experiment as subjects. The subjects took e-learning lessons while searing an eye mark recorder (Nac EMR-8) on their heads (Fig. 3) . Data on fixation point movement and pupil diameter during the lessons was recorded, and the subjects' field of view and fixation points were recorded on video. The only operations undertaken by the subjects during the lessons was operating the mouse to move to the next page or return to the previous page.
Three lesson themes were used in this experiment. Theme 1 was "Principles of how lightning is generated"; Theme 2 was "Foot brakes in automobiles"; and Theme 3 was "The Mechanisms of AMEDAS (the Automated Meteorological Data Acquisition System)." As contents for experiment, we created contents with different presentation material formats for each theme. The presentation material formats were: "Narration only," "Text (with narration / without narration)," "Still images," "Still images + text (with narration / without narration)," "Video," and "Video + text." In the case of contents with narration, we added versions with a pointer that moved in time with the contents. We thus conducted comparative tests using contents with a total of 13 patterns. The pointer displayed in the contents was a mouse cursor in the shape of a red arrow. Figure 2 shows examples of the presentation formats for the various materials. The procedure used in the experiment was as follows: Students took a preliminary test on the themes to be studied; lesson on Theme 1; Respond to calculation problems; Respond to re-test on Theme 1. The same procedure was then repeated for Theme 2 and Theme 3. Narration only
Foot brakes in automobiles
Principles of how lightning is generated
Lightning can be. defined as the discharge of electricity resulting from the difference in electrical charges between the cloud and the ground. When the surface of the earth is warm, moist air mar the earth's surface becomes heated and rises rapidly, producing an updraft. As the air in these updrafts cools, water vapor condenses into water droplets and forms a cloud. The cloud's top extends above the freezing level. At this altitude, the air temperature is well below freezing, so the upper portion of the cloud is composed of tiny ice crystals.
Eventually, the water droplets and ice crystals in the cloud become too large to be suspended by updrafts. As raindrops and ice crystals fall through the cloud, they drag some, of the air from the cloud downward, producing downdrafts. The rising and falling air currents within the cloud may cause hailstones to form. When downdrafts strike the ground, they spread out in all directions, producing gusts of cool wind people feel just before the start of the rain.
The Mechanisms of AMEDAS
It will fall, if a cup is covered with rain 0.5mm.
AMEDAS center
Observational data
Real-time transmission
Lightning can be. defined as the discharge of electricity resulting from the difference in electrical charges between the cloud and the ground. When the surface of the earth is warm, moist air mar the earth's surface becomes heated and rises rapidly, producing an updraft. As the air in these updrafts cools, water vapor condenses into water droplets and forms a cloud. The cloud's top extends above the freezing level. At this altitude, the air temperature is well below freezing, so the upper portion of the cloud is composed of tiny ice crystals. Figure 5 shows a graph of fixation point movement during the lessons as derived from the experiment. Specifically, Figure 4 is an example of time-line data for the subject's fixation point position when the pointer was and was not displayed in the "Still image + text" material presentation format in Theme 3. The yaxis is angle, and the x-axis is time; the black lines represent the x-coordinates for the fixation point positions, and the gray lines represent the ycoordinates. When the two graphs are compared, we can see that when the pointer is displayed, the fixation point moves as guided by the pointer, but that when the pointer is not displayed, the subject focuses on reading the text. From the fixation point movement data, we measured the subjects' ratio of fixation on the segment indicated by the pointer and on the same segment when the pointer was not used, as compared to the overall playing time of the contents. Table 1 shows the ratio of time during which the fixation point was stationary when the pointer was and was not displayed for each material presentation format. When we conducted a ttest for each group, we found a significant difference in the ratio of time when the pointer was and was not displayed. When the pointer was displayed, the subjects followed the guidance of the pointer for 80% of the content playing time, but when the pointer was not displayed, the movement of fixation points varied depending on the material presentation method. Figure 6 shows the average correct response ratio in the retest conducted after the lessons. The y-axis is the correct response rate, and the x-axis is the type of problem. There was no difference in the correct response rate for word memorization problems with or without the pointer, but in the explanation problems, there was a significant difference in a t-test with a significance level of 10%. 
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Experiment Results
Fixation point movement data
Test Results
Questionnaire
It was effective at the following points from the inner view report by the questionnaire the questionnaire survey was conducted after the experiment: "It is intelligible.", "It is easy to find an outstanding part.", "He does not get tired."
Summary and Issues for the Future
Based on the above studies, we concluded that direction of the students' fixation points using with a pointer display is effective in reducing the cognitive burden in the e-learning environment, and in improving the understanding of the contents and the degree of the students' focus on those contents.
Because of the small number of subjects, we were unable to conduct comparisons of learning effects using separate themes, and between different material presentation formats. One issue for the future will be to obtain data for several tens of subjects for each of the 13 patterns, and to conducts studies based on that data.
